Molecules on and between cells are believed to mediate cellular associations. Generally called cell-adhesion molecules, their identification has depended heavily on immunological techniques. Usually an antiserum is raised against a crude mixture ofcellular antigens, in the hope that some ofthe antibodies will block cell-cell adhesion in an in vitro assay. This provides a basis for identifying putative cell-adhesion molecules by neutralization of adhesion-blocking activity.
This strategy was first used successfully by Gerisch and colleagues (1) in the cellular slime mold Dictyostelium discoideum and implicated a glycoprotein having a Mr of80,000 in cell-cell adhesion during aggregation (1, 2) . Work by others (3) (4) (5) supports this conclusion. A glycoprotein having a Mr of 95,000 apparently participates in cell-cell adhesion at a later stage of development (3, 4) .
We too injected a rabbit with aggregating D. discoideum cells and raised an antiserum that completely blocked cell-cell adhesion. However, to our surprise, we found that the antigen that adsorbed all adhesion-blocking activity differed markedly from those already described. Here we report the identification of this material.
MATERIALS AND METHODS
Growth and Development of Cells. D. discoideum, strain NC4, and Dictyostelium purpureum, strain 2, were grown in association with Klebsiella pneumoniae, harvested as vegetative cells, and differentiated in suspension or on Millipore filters, as described (6) .
Medium from cells starved in suspension culture was obtained after vegetative D. discoideum cells, washed to remove bacteria, were suspended to 2 x 107/ml in a solution adjusted to pH 6.2 and containing (total vol, 1 liter) 1.5 g of KC1, 1.0 g of MgCl2, 0.3 g of Na2HPO4, 1.2 g of KH2PO4, and 0.5 g of streptomycin sulfate. The cells were aerated by shaking at 24TC for 16 hr and, after this prolonged period of starvation, were removed by centrifugation at 1,300 x g for 5 min, and the remaining particulate material was removed by centrifugation at 50,000 x g for 1 hr.
In one experiment, we used D. discoideum strain AX-3, a mutant of NC-4 that grows axenically in a chemically defined medium containing no macromolecules (7) . A small innoculum of spores was added to the defined medium and the cells were grown to a concentration of about 5 x 106/ml. An innoculum was diluted 1:50 in fresh defined medium and again grown to 5 X 106/ml. After 18 such passages, cells and debris were removed by centrifugation as above and medium was assayed.
Immunological Reagents. Antiserum against whole D. discoideum cells was raised in a rabbit by injection of cells in Freund's adjuvant as described (8) , and IgG from this antiserum (anti-D.d.-IgG) was prepared with DEAE-Affi-Gel blue (BioRad). Fab fragments were prepared from the IgG by the method of Porter (9) .
Cell-Cell Adhesion Assays. For all such assays, D. discoideum NC-4 cells were differentiated on Millipore filters (6) to the stage at which loose and tight aggregates were abundant. The cells were harvested by Vortex mixing from the filters, washed, and suspended to aconcentration of 2 X 108/ml in cold 17 mM Na2HPO4/KH2PO4, pH 6.2 (SP solution). Cell-cell adhesion was measured by gyrating the cells and determining the disappearance of single cells with an electronic particle counter as described (6, 8) . Generally, about 50% of the cells in the assay were in aggregates at the completion ofthe standard assay.
In the experiments in which we studied the effects of anti-D.d.-IgG on cell-cell adhesion, we used conditions established previously (8) To purify the antigens that bind the adhesion-blocking IgG, we initially assayed NaDodSO4 extracts of aggregating cells or cells starved for 16 hr in suspension. The two extracts contained comparable amounts ofantigen. However, the most convenient source was the medium from D. discoideum cells that had been starved in suspension for 16 hr. This contained about half the inhibitory activity ofdetergent extracts ofthe whole cells (Table  1) but only a few percent of the protein. It could completely neutralize the adhesion-inhibitory activity ofeither the immune IgG or Fab.
The antigenic material in the medium is derived from D. discoideum rather than from bacteria since it was not found in bacterial growth medium (Table 1) . Furthermore, cultivation of an axenic strain of D. discoideum in growth medium formulated without macromolecules (7) generated antigen in the medium ( Table 1 ). The antigenic material was not found in medium of D. purpureum cells ( Table 1 ), indicating that it is species specific.
Release ofantigenic material is not unique to suspension culture, since cells starved and differentiated on a filter also released antigen (Fig. 2) . Some was also detectable in association with vegetative cells (Fig. 2 (Fig. 3) Gel filtration of the blocking antigen before (A) and after (B) digestion with Pronase. The blocking antigen was purified through the antibody affinity column step. An aliquot (A) was dissolved in 6 M guanidine hydrochloride and applied to a Sephacryl S-300 column (Pharmacia) equilibrated with 6 M guanidine hydrochloride. Another aliquot (B) was digested with Pronase as described in Table 2 and then applied to the same column in 6 M guanidine hydrochloride. further purification by binding to and elution from an antibody column, the antigen retained a Mr of up to 2 x 106 in the presence of6 M guanidine hydrochloride (Fig. 4) . Pronase digestion of the antigen prior to the gel filtration reduced the amount of protein associated with the antigen-rich fractions to barely detectable levels without reducing its neutral sugar content or its apparent molecular weight (Fig. 4B) .
A scheme for purifying the antigen is summarized in Table  2 . The antigen is resistant to Pronase digestion (Tables 2 and  3 ) and to boiling (Table 3) . It has no detectable nucleic acid, based on spectrophotometric analysis. Since none of the recovered antigen was found in the organic phase on chloroform/ methanol extraction (13) and its apparent molecular weight is much larger than would be expected of lipid micelles, it does not appear to be a lipid or a simple glycolipid. Based on its size, the presence of neutral sugar, the virtual absence of protein after Pronase digestion, and its inactivation by periodate oxidation (Table 3) , we conclude that the antigen is a sacchariderich macromolecule such as a large polysaccharide. However, the native molecule might also be a proteoglycan with a significant protein component and could contain lipid.
The availability of partially purified antigen permitted us to evaluate the number of antibody binding sites on the surface of aggregating cells. We estimated this by comparing binding to cells of'I-labeled anti-D.d. -IgG previously incubated with or without a large excess of antigen (Fig. 5) . Most of the IgG still bound to the cells (Fig. 5 ) after previous incubation with the antigen. However, the antigen blocked the binding ofabout 5 x 105 molecules of IgG per cell (Fig. 5) with Pronase (5 Atg/ml; added at 0, 24, and 48 hr) in 50 mM Tris HCl, pH 7.8/1.5 mM CaCl2. After digestion, EDTA was added to a concentration of 2 mM and the mixture was boiled for 20 min and centrifuged. The supernatant was adjusted to 6 M guanidine hydrochloride and applied to a 120-ml Sephacryl S-300 column (Pharmacia) equilibrated with 6 M guanidine hydrochloride. Active fractions were collected as described in One unit of activity is the reciprocal of the highest dilution that blocked at least 90% of the antibody. For example, if the highest dilution of a sample that blocked 90% of the antibody was 1:50, this solution contained 50 units in 100 ,tl or 500 units/ ml. The total number of units was determined by multiplying by the volume (number of ml) of the sample. * Determined with the anthrone reagent (11) . t Determined by the method of Bradford (12) .
are approximately this number ofrelevant antigenic sites on the cell surface. The experiment summarized in Although the antigenic material that we identified is clearly different from the Mr 80,000 glycoprotein previously implicated in cell-cell adhesion of aggregating D. discoideum cells (1, 2) , we sought to determine a possible relationship by trying to ad- Antigen purified through the antibody column step was treated as described, and the amount of activity remaining was determined by the cell-cell adhesion assay. Activity is expressed relative to that of untreated material, which is arbitrarily taken as 100. Pronase digestion was carried out as described in Table 2 
DISCUSSION
The immunological approach to identification of cell-adhesion molecules has been successful because few of the antibodies raised against cell surface antigens block cell-cell adhesion. In the case of D. discoideum, a glycoprotein antigen having a Mr of80,000 has generally been taken to be critical for cell adhesion of aggregating cells (1) (2) (3) (4) (5) ; one with a Mr of 95,000 apparently plays a role later (4, 5) and there is also some evidence for participation of a glycoprotein with a Mr of 150,000 (14) in cell-cell adhesion. As observed previously and confirmed here, binding of antibodies to many other cell surface antigens does not apparently block cell-cell adhesion. In the case of chicken neural retina in which this approach has also been applied, a glycoprotein with a Mr of about 150,000 has been implicated in cell-cell adhesion (15) . As in the present case, its initial purification used conditioned medium from cultured cells (16) . Sugar-rich macromolecules eluted from cell surfaces or found in culture media have also been implicated in cell-cell adhesion by using other approaches (see e.g., refs. 17-20; reviewed in ref. 21) .
If the material we identified in the present study is really important in cell-cell adhesion, why was it not detected previously? One possibility is that the rabbit we immunized was peculiarly responsive to this antigen, a situation observed previously (22) . What is certainly relevant is that, in contrast with previous studies (1), we did not adsorb our antiserum with vegetative cells because they contain similar material. Whereas the nature of the antigenic molecule in vegetative cells could be different from that in the aggregating cells, adsorption with Proc. Natl. Acad. Sci. USA 79 (1982) Proc. Nati Acad. The fact that our antigen is apparently.present in vegetative cells does not preclude its role in cell-cell adhesion, because some other factor may limit the acquisition ofadhesiveness with development, as considered in detail previously (23) . For example, the material we have identified may participate in cell-cell adhesion only after its modification, a change in its cellular position, a general change in cellular properties, or the synthesis of a specific ligand with which it interacts. On the other hand, the evidence presented here does not prove that this material plays a specific role in cell-cell adhesion (23) .
Because ofevidence that discoidin I, a developmentally regulated lectin from D. discoideum also plays a role in cell-cell adhesion (24-26), we assessed its interaction with material purified as described in Table 2 . This material markedlyinhibited the binding of discoidin I to a neoglycoprotein rich in lactosyl residues (unpublished experiments). However the relevant antigen is probably not completely purified by our procedure, so it is not clear whether the same molecules that bind the lectin are also responsible for adsorbing our antibody. This will be resolved after further purification of the active materials. It is notable that the culture medium ofanother cellular slime mold, Polysphondylium pallidum, contains a highly glycosylated macromolecule that interacts with its endogenous lectin (27) . That lectin too has been implicated in cell-cell adhesion (26, 28 
